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(54) HEAT EXCHANGER 

(57) Ends of heat-transfer plates S1 . S2, formed by 
bending folding plate blanks in a zigzag fashion along 
folding lines L 1t L 2 , are cut in an angle shape, and 
flange portions 26 formed by folding apexes of the angle 
shape are superposed one on another and brazed in a 
surface contact state, thereby to form combustion gas 
passage inlets 11 and air passage outlets 16 along the 
two end edges of the angle shapes. Compared with 
brazing of separate flange members onto the cut sur- 
faces of the apexes of the angle shapes, this fabrication 
not only dispenses with precise finishing of the cut sur- 
faces, but also serves to increase the brazing strength. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a heat 
exchanger including high-temperature fluid passages 
and low-temperature fluid passages defined alternately 
by alternately disposing a plurality of first heat-transfer 
plates and a plurality of second heat-transfer plates. 

BACKGROUND ART 

[0002J Such heat exchangers have already been 
proposed in Japanese Patent Application Nos.7-1 93208 
and 8-275057 filed by the applicant of the present inven- 
tion. 

[0003] The above conventional heat exchangers 
suffer from the following problem: The partitioning 
between a high-temperature fluid passage inlet and a 
low-temperature fluid passage outlet and the partition- 
ing between a low-temperature fluid passage inlet and a 
high-temperature fluid passage outlet are achieved by 
bonding a partition plate by brazing to a cut surface 
formed on the heat-transfer plate by cutting its angle- 
shaped apex portion. For this reason, the bonded por- 
tions of the cut surface of the heat-transfer plate and the 
partition plate are in line contact with each other. To reli- 
ably perform the brazing, the precise finishing of the cut 
surface is required, and moreover, even if the finishing is 
performed, it is still difficult to provide a sufficient bond- 
ing strength. 

[0004] The above conventional heat exchangers 
also suffer from the following other problem: axially 
opposite ends of the heat-transfer plate are cut into 
angle shapes to define the fluid passage inlet and out- 
let. Therefore, a drifting flow of fluid is generated from 
the outer side toward the inner side as viewed in a turn- 
ing direction due to a difference between the lengths of 
flow paths on the inner and outer sides as viewed in the 
turning direction in a region where a fluid flowing into 
the heat exchanger obliquely with respect to an axis in 
the vicinity of the fluid passage inlet is turned in the 
direction along the axis, and in a region where the fluid 
flowing in the direction along the axis is turned in an 
inclined direction with respect to the axis in the vicinity 
of the fluid passage outlet. For this reason, the flow rate 
on the outer side as viewed in the tuning direction is 
decreased, while the flow rate on the inner side as 
viewed in the turning direction is increased, whereby the 
heat exchange efficiency is reduced due to the non-uni- 
formity of the flow rate. 

[0005] The above conventional heat exchanger is 
formed into an annular shape by folding a folding plate 
blank in a zigzag fashion to fabricate modules each hav- 
ing a center angle of 90° and combining four of the mod- 
ules in a circumferential direction. However, if the heat 
exchanger is formed by combination of a plurality of 
modules, the following problems arise: the number of 



parts is increased, and moreover, four bonded points 
among the modules are produced, and the possibility of 
. leakage of the fluid from the bonded portions is corre- 
spondingly increased. 

5 ' 

DISCLOSURE OF THE INVENTION 

[0006] The present invention has been accom- 
plished with the above circumstances in view, and H is a 

10 first object of the present invention to ensure that a suf- 
ficient bonding strength is provided without a precise 
finishing of the ends of the heat-transfer plate. It is a 
second object of the present invention to suppress of a 
drifting flow of a fluid generated at fluid-direction chang- 

15 ing portions in the vicinity of the fluid passage inlet and 
outlet of the heat exchanger thereby to prevent a reduc- 
tion in heat exchange efficiency. It is a third object of the 
present invention to decrease the number of parts of the 
heat exchanger and to maintain the leakage of the fluid 

20 from the bonded portions of the folding plate blank to 
the minimum. 

[0007] To achieve the above object, according to a 
first aspect and feature of the present invention, there is 
provided a heat exchanger, comprising a plurality of first 

25 heat-transfer plates and a plurality of second heat-trans- 
fer plates disposed radiately in an annular space 
defined between a radially outer peripheral wall and a 
radially inner peripheral wall, and a high-temperature 
fluid passage and a low-temperature fluid passage 

30 which are defined circumferentialiy alternately between 
adjacent ones of the first and second heat-transfer 
plates by bonding pluralities of projections formed on 
the first and second heat-transfer plates to one another, 
axially opposite ends of each of the first and second 

35 heat-transfer plates being cut into angle, shapes each 
having two end edges, thereby defining a high-tempera- 
ture fluid passage inlet by closing one of the two end 
edges and opening the other end edge at axially one 
end of the high-temperature fluid passage, defining a 

40 high-temperature fluid passage outlet by closing one of 
the two end edges and opening the other end edge at 
the axially other end of the high-temperature fluid pas- 
sage, defining a low-temperature fluid passage outlet by 
opening one of the two end edges and closing the other 

45 end edge at axially one end of the low-temperature fluid 
passage, and defining a low-temperature fluid passage 
inlet by opening one of the two end edges and closing 
the other end edge at the axially other end of the low- 
temperature fluid passage, characterized in that flange 

so portions formed by folding one of apex portions of the 
angle shape are superposed one on another and 
bonded together, whereby the high-temperature fluid 
passage inlet and the low-temperature fluid passage 
outlet are partitioned from each other by the super- 

55 posed flange portions, and further flange portions 
formed by folding the other apex portion of the angle 
shape are superposed one on another and bonded 
together, whereby the high-temperature fluid passage 



2 



3 



EP1 022 533 A1 



4 



outlet and the low-temperature fluid passage inlet are 
partitioned from each other by the superposed further 
flange portions. 

[0008] With the above arrangement in the annular 
heat exchanger in which the fluid passage inlets and 
outlets are defined by cutting the axially opposite ends 
of the heat-transfer plates into angle shapes, the flange 
portions formed by folding the apex portions of the 
angle shape are superposed one on another and 
bonded together, whereby the fluid passage inlet and 
outlet are partitioned from each other by bonding a par- 
tition plate to the superposed flange portions. There- 
fore, as compared with the case where a partition plate 
is bonded in a line contact state to the cut surfaces 
formed by cutting the heat-transfer plates, the super- 
posed flange portions can be bonded together in a sur- 
face contact state, thereby not only increasing the 
bonding strength, but also eliminating the need for a 
precise finishing of the cut surfaces. Therefore, the 
bonding of the projections on the heat-transfer plates 
and the bonding of the flange portions can be accom- 
plished in a continuous flow, leading to a reduction in 
processing cost. 

[0009] If a folding plate blank including the first and 
second heat-transfer plates which are alternately con- 
nected together through first and second folding lines is 
folded in a zigzag fashion along the first and second 
folding lines, and portions corresponding to the first fold- 
ing lines are bonded to the radially outer peripheral wall, 
while portions corresponding to the second folding lines 
are bonded to the radially inner peripheral wall, the 
number of parts can be reduced, and moreover, the 
misalignment of the first and second heat-transfer 
plates can be prevented to enhance the processing pre- 
cision, as compared with the case where the first and 
second heat-transfer plates are formed from different 
materials and bonded to each other. 
[001 0] If the flange portions are folded into an arcu- 
ate shape and superposed one on another, and the 
height of projection stripes formed along angle-shaped 
end edges of the first and second heat-transfer plates is 
gradually decreased in the flange portions in order to 
close the fluid passage inlets and outlets, it is possible 
to prevent a gap from being produced between the pro- 
jection stripes, while preventing the mutual interference 
of the projection stripes abutting against one another at 
the flange portions to enhance the sealability to the 
fluid. 

[0011] To achieve the first object, according to a 
second aspect and feature of the present invention, 
there is provided a heat exchanger, comprising a plural- 
ity of first heat-transfer plates and a plurality of second 
heat-transfer plates which are formed into a rectangular 
shape, and a high-temperature fluid passage and a low- 
temperature fluid passage which are defined alternately 
between adjacent ones of the first and second heat- 
transfer plates by bonding a pair of long sides of each of 
the first and second heat-transfer plates to a first bottom 



wall and a second bottom wall, bonding a pair of short 
sides of each of the first and second heat-transfer plates 
to a first end wall and a second end wall, and further 
bonding a plurality of projections formed on the first and 

5 second heat-transfer plates to one another, a high -tem- 
perature fluid passage inlet and a high-temperature fluid 
passage outlet which are defined in the first bottom wall 
so as to extend along the first and second end walls, 
respectively and which are connected to the high-tem- 

10 perature fluid passage, and a low-temperature fluid pas- 
sage inlet and a low-temperature fluid passage outlet 
which are defined in the second bottom wall so as to 
extend along the first and second end walls, respec- 
tively and which are connected to the low-temperature 

is fluid passage, characterized in that flange portions 
formed by folding the pair of short side portions are 
superposed one on another and bonded together, and 
the first and second end walls are bonded to the super- 
posed flange portions, respectively. 

20 [0012] With the above arrangement, in the rectan- 
gular parallelepiped heat exchanger in which the pair of 
long sides of the pluralities of the heat-transfer plates 
formed into the rectangular shape are bonded to the 
bottom walls, respectively, while the pair of short sides 

25 are bonded to the end walls, respectively, and the fluid 
passage inlets and outlets are defined at longitudinally 
opposite ends of the bottom walls, the flange portions 
formed by folding the short sides of the heat-transfer 
plates are superposed one on another and bonded 

30 together, and the fluid passage inlet and outlet are par- 
titioned from each other by bonding the superposed 
flange portions to the end wall. Therefore, as compared 
with the case where the end walls are bonded in a line 
contact state to end surfaces formed by cutting the heat- 

35 transfer plates, the superposed flange portions can be 
bonded in a surface contact state to one another, 
thereby not only increasing the bonding strength, but 
also eliminating the need for a precise finishing of the 
cut surfaces. Therefore, the bonding of the projections 

40 on the heat-transfer plates and the bonding of the flange 
portions can be accomplished in a continuous flow, 
leading to a reduction in processing cost. 
[001 3] If a folding plate blank including the first and 
second heat-transfer plates which are alternately con- 

45 nected together through the first and second folding 
lines is folded in a zigzag fashion along the first and sec- 
ond folding lines, and portions corresponding to first 
folding lines are bonded to the first bottom wall, while 
portions corresponding to the second folding lines are 

so bonded to the second bottom wall, the number of parts 
can be reduced, and moreover, the misalignment of the 
first and second heat-transfer plates can be prevented 
to enhance the processing precision, as compared with 
the case where the first and second heat-transfer plates 

55 are formed from different materials and bonded to each 
other. 

[0014] To achieve the second object, according to a 
third aspect and feature of the present invention, there 
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is provided a heat exchanger, comprising a plurality of 
first heat-transfer plates and a plurality of second heat- 
transfer plates which are disposed radiately in an annu- 
lar space defined between a radially outer peripheral 
wall and a radially inner peripheral wall, whereby a high- 5 
temperature fluid passage and a low-temperature fluid 
passage are defined alternately in a circumferential 
direction between adjacent ones of the first and second 
heat-transfer plates, axially opposite ends of the first 
and second heat-transfer plates being cut into an angle 10 
shape each having two end edges, respectively, thereby 
defining a high-temperature fluid passage inlet by clos- 
ing one of the two end edges and opening the other end 
edge at axially one end of the high-temperature fluid 
passage, defining a high-temperature fluid passage out- 15 
let by closing one of the two end edges and opening the 
other end edge at the axially other end of the high-tem- 
perature fluid passage, defining a low-temperature fluid 
passage outlet by opening one of the two end edges 
and closing the other end edge at axially one end of the 20 
low-temperature fluid passage, and defining a low-tem- 
perature fluid passage inlet by opening one of the two 
end edges and dosing the other end edge at the axially 
other end of the low-temperature fluid passage, and tip 
ends of large numbers of projections formed on oppo- 25 
site surfaces of the first and second heat-transfer plates 
being bonded together, characterized in that a pitch of 
arrangement of the projections is different between the 
axially opposite ends and an axially intermediate por- 
tion of each of the first and second heat-transfer plates. 30 
[0015] With the above arrangement, in the annular 
heat exchanger in which the fluid passage inlets and 
outlets are defined by cutting the axially opposite ends 
of the heat-transfer plates into the angle shape, the 
pitch of arrangement of the projections formed on the 35 
heat-transfer plate is different between the axially oppo- 
site ends and the axially intermediate portion of the 
heat-transfer plate. Therefore, it is possible to prevent a 
drifting flow from being produced at a fluid-direction 
changing portion to provide an enhancement in heat 40 
exchange efficiency and a reduction in pressure loss, by 
changing the fluid flow resistance in the vicinity of the 
fluid passage inlets and outlets by the projections. 
[0016] In areas facing the inlets and outlets of the 
high-temperature fluid passage and the low-tempera- 45 
ture fluid passage, if the pitch of arrangement of the pro- 
jections in a direction substantially perpendicular to the 
direction of flowing of fluid passed through the inlets and 
outlets is dense in an area portion nearer to a base end 
portion of the angle shape and sparse in an area portion so 
nearer to the tip end portion, the flow resistance on a 
radially inner side of the direction-changing portion 
where the fluid is easy to flow because of the short flow 
path can be increased by the dense arrangement of the 
projections, and the flow resistance on a radially outer 55 
side of the direction-changing portion where the fluid is 
difficult to flow because of the long flow path can be 
decreased by the sparse arrangement of the projec- 



tions, thereby preventing a drifting flow from being pro- 
duced in the fluid-direction changing portion to provide 
an enhancement in heat exchange efficiency and a 
reduction in pressure loss. 

10017] If the pitch of arrangement of the projections 
of the first and second heat-transfer plates is set such 
that the unit number of heat transfer is substantially con- 
stant in a radial direction at an axially intermediate por- 
tion of each of the first and second heat-transfer plates, 
it is possible to radially uniformize the profile of temper- 
ature of the heat-transfer plate to avoid the reduction in 
heat exchange efficiency and the generation of undesir- 
able thermal stress. When the heat transfer coefficient 
of each of the first and second heat-transfer plates is 
represented by K; the area of each of the first and sec- 
ond heat-transfer plates is represented by A; the spe- 
cific heat of the fluid is represented by C; and the mass 
flow rate of the fluid flowing in the heat transfer area is 
represented by dm/dt, the unit amount N tu of heat trans- 
fer is defined by the following equation: 

N to = (KxA)/[Cx (dm/dt)] 



[0018] If the projections are arranged at the axially 
intermediate portion of each of the first and second 
heat-transfer plates, so that they are not lined up in the 
direction of flowing of the fluid passed through the axi- 
ally intermediate portion, the fluid is agitated sufficiently 
by the projections, leading to an enhanced heat 
exchange efficiency 

[001 9] To achieve the second object, according to a 
fourth aspect and feature of the present invention, there 
is provided a heat exchanger, comprising a plurality of 
first heat-transfer plates and a plurality of second heat- 
transfer plates which are formed into a rectangular 
shape, and disposed in parallel, so that a pair of long 
sides thereof are bonded to a first bottom wall and a 
second bottom wall and a pair of short sides thereof are 
bonded to a first end wall and a second end wall, 
thereby defining high-temperature fluid passage and 
low-temperature fluid passage alternately between 
adjacent ones of the first and second heat-transfer 
plates, a high-temperature fluid passage inlet and a 
high-temperature fluid passage outlet which are defined 
in the first bottom wall so as to extend along the first and 
second end walls, respectively and which are con- 
nected to the high-temperature fluid passage, and a 
low-temperature fluid passage inlet and a low-tempera- 
ture fluid passage outlet which are defined in the sec- 
ond bottom wall so as to extend along the second and 
first end walls, respectively and which are connected to 
the low-temperature fluid passage, and large numbers 
of projections formed on opposite surfaces of the first 
and second heat-transfer plates and bonded together at 
tip ends of the projections, characterized in that the 
pitch of arrangement of the projections is different 
between longitudinally opposite ends and a longitudi- 
nally intermediate portion of each of the first and heat- 
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transfer plates. 

[0020] With the above arrangement, in the rectan- 
gular parallelepiped heat exchanger in which the fluid 
passage inlets and outlets are defined at the longitudi- 
nally opposite sides of the rectangular heat-transfer 
plates, the pitch of arrangement of the projections 
formed on each of the heat-transfer plates is different 
between the longitudinally opposite ends and the longi- 
tudinally intermediate portion of the heat-transfer plate. 
Therefore, when the fluid is turned in the vicinity of the 
fluid passage inlet and outlet, the fluid flow resistance 
can be controlled by the projections to prevent the gen- 
eration of a drifting flow directed inwards in the turning 
direction to provide an enhancement in heat exchange 
efficiency and a reduction in pressure loss. 
[0021] In areas facing the high-temperature and 
low-temperature fluid passage inlets and outlets, if the 
pitch of arrangement of the projections in the direction 
substantially perpendicular to the direction of flowing of 
. the fluid passed through the inlets and outlets is dense 
in an area portion farther from the first and second end 
walls and is sparse in an area portion nearer to the first 
and second end walls, the flow resistance on a radially 
inner side of the direction-changing portion where the 
fluid is easy to flow because of the short flow path can 
be increased by the dense arrangement of the projec- 
tions, and the flow resistance on a radially outer side of 
the direction-changing portion where the fluid is difficult 
to flow because of the long flow path can be decreased 
by the sparse arrangement of the projections, thereby 
preventing a drifting flow from being produced in the 
fluid-direction changing portion to provide an enhance- 
ment in heat exchange efficiency and a reduction in 
pressure loss. 

[0022] To achieve the third object, according to a 
fifth aspect and feature of the present invention, there is 
provided a heat exchanger, comprising a plurality of first 
heat-transfer plates and a plurality of second heat-trans- 
fer plates which are disposed radiately in an annular 
space defined between a radially outer perpheral wall 
and a radially inner peripheral wall, whereby a high-tem- 
perature fluid passage and a low-temperature fluid pas- 
sage are defined alternately in a circumferential 
direction between adjacent ones of the first and second 
heat-transfer plates, a folding plate blank including the 
plurality of first heat-transfer plates and the plurality of 
second heat-transfer plates which are alternately con- 
nected together through first and second folding lines, 
the folding plate blank being folded in a zigzag fashion 
along the first and second folding lines, and portions 
corresponding to the first and second folding lines being 
bonded to the radially outer peripheral wall and the radi- 
ally inner peripheral wall, respectively, thereby dispos- 
ing the first and second heat-transfer plates radiately, • 
defining the high-temperature fluid passage and the 
low-temperature fluid passage alternately in the circum- 
ferential direction between the adjacent first and second 
heat-transfer plates, defining a high-temperature fluid 



passage inlet and a high-temperature fluid passage out- 
let so as to open into axially opposite ends of the high- 
temperature fluid passage, and defining a low-tempera- 
ture fluid passage inlet and a low-temperature fluid pas- 
s sage outlet so as to open into axially opposite ends of 
the low-temperature fluid passage, characterized in that 
the single folding plate blank is folded in the zigzag fash- 
ion over 360°, and opposite ends thereof are super- 
posed one on another and bonded together in an area 
io including the first and second folding fines. 

[0023] With the above arrangement, in forming the 
annular heat exchanger by folding the folding plate 
blank including the first and second heat-transfer plates 
which are alternately connected together through the 
is first and second folding lines in the zigzag fashion, the 
single folding plate blank is folded in the zigzag fashion 
over 360°, and the opposite ends thereof are super- 
posed one on another and bonded together in an area 
including the first or second folding line. Therefore, the 
20 heat exchanger can be formed by a minimum number of 
parts or components, and moreover, the number of 
bonded zones of the folding plate blank is the minimum, 
one, thereby suppressing the possibility of leakage of 
the fluid to the minimum. In addition, the opposite ends 
of the folding plate blank is merely cut and hence, it is 
unnecessary to conduct a special processing, leading 
to a reduced number of processing steps. Moreover, the 
folded portions of the folding plate blank including the 
first or second folding line are superposed one on 
30 another and hence, the bonding strength is increased. 
Further, the circumferential pitch of the adjacent first 
and second heat-transfer plates can be regulated finely 
only by changing the cutting positions of the folding 
plate blank to regulate the number of the first and sec- 
35 ond heat-transfer plates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

40 

Rgs.1 to 12 show a first embodiment of the present 
invention, wherein 

Fig.1 is a side view of the entire arrangement of a 
gas turbine engine; 
45 Fig.2 is a sectional view taken along a line 2-2 in 
Fig.1; 

Fig. 3 is an enlarged sectional view taken along a 
line 3-3 in Fig.2 (a sectional view of combustion gas 
passages); 

so Fig.4 is an enlarged sectional view taken along a 
line 4-4 in Fig.2 (a sectional view of air passages); 
Fig. 5 is an enlarged sectional view taken along a 
line 5-5 in Fig.3; 

Fig. 6 is an enlarged view of a portion indicated by 6 
55 in Fig.5; 

Fig.7 is an enlarged sectional view taken along a 
line 7-7 in Fig.3; 

Fig.8 is a developed view of a folding plate blank; 
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Fig.9 is a perspective view of an essentia! portion of 
the heat exchanger; 

Fig. 1 0 is a pattern view showing flows of a combus- 
tion gas and air; 

Figs. 1 1 A to 11 C are graphs for explaining the oper- 
ation when the pitch between projections is uni- 
form; 

Figs.12Ato 12C are graphs for explaining the oper- 
ation when the pitch between projections is non- 
uniform; 

Figs. 13 to 17 show a second embodiment of the 
present invention, wherein 
Fig. 13 is a perspective view of the heat exchanger; 
Fig. 14 is an enlarged sectional view taken along a 
line 14-14 in Fig. 13 (a sectional view of combustion 
gas passages); 

Fig. 15 is an enlarged sectional view taken along a 
line 15-15 in Fig.13 (a sectional view of air pas- 
sages); 

Fig.16 is a sectional view taken along a line 16-16 
in Fig.14; 

Fig. 17 is an enlarged sectional view taken along a 
line 17-1 7 in Fig.14; 

Figs. 18 to 21 show a modification to the first 
embodiment, wherein 

Fig. 18 is a view similar to Fig.8 showing the first 
embodiment, but according to the modification; 
Fig. 19 is an enlarged view of an essential portion 
shown in Fig. 18; 

Fig.20 is a view taken in the direction of an arrow 20 
in Fig. 19; and 

Fig.21 is a view similar to the Fig. 7 showing the first 
embodiment, but according to the modification. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0025] A first embodiment of the present invention 
will now be described with reference to Figs.1 to 12. 
[0026] As shown in Figs.1 and 2, a gas turbine 
engine E includes an engine body 1 in which a combus- 
tor, a compressor, a turbine and the like (which are not 
shown) are accommodated. An annular heat exchanger 
2 is disposed to surround an outer periphery of the 
engine body 1. Combustion gas passages 4 and air 
passages 5 are circumferentially alternately provided in 
the heat exchanger 2 (see Fig. 5), so that a combustion 
gas of a relative high temperature passed through tur- 
bine is passed through the combustion gas passages 4, 
and air of a relative low temperature compressed in the 
compressor is passed through the air passages 5. A 
section in Fig. 1 corresponds to the combustion gas pas- 
sages 4, and the air passages 5 are defined adjacent 
this side and on the other side of the combustion gas 
passages 4. 

[0027] The sectional shape of the heat exchanger 2 
taken along an axis is an axially longer and radially 
shorter flat hexagonal shape. A radially outer peripheral 
surface of the heat exchanger 2 is closed by a larger- 



diameter cylindrical outer casing 6, and a radially inner 
peripheral surface of the heat exchanger 2 is closed by 
a smaller-diameter cylindrical inner casing 7. A front 
end side (a left side in Fig.1) in the longitudinal section 

5 of the heat exchanger 2 is cut into an unequal-length 
angle shape, and an end plate 8 connected to an outer 
periphery of the engine body 1 is brazed to a poriton 
corresponding to an apex of the angle shape. A rear 
end side (a right side in Fig/1) in the section of the heat 

10 exchanger 2 is cut into an unequal-length angle shape, 
and an end plate 10 connected to an outer housing 9 is 
brazed to a poriton corresponding to an apex of the 
angle shape. 

[0028] Each of the combustion gas passages 4 in 
15 the heat exchanger 2 includes a combustion gas pas- 
sage inlet 11 and a combustion gas passage outlet 12 
at the left and upper portion and the right and lower por- 
tion of Fig.1, respectively. A combustion gas introducing 
space' (referred to as a combustion gas introducing 
20 duct) 1 3 defined along the outer periphery of the engine 
body 1 is connected at its downstream end to the com- 
bustion gas passage inlet 11. A combustion gas dis- 
charging space (referred to as a combustion gas 
discharging duct) 1 4 extending within the engine body 1 
25 is connected at its upstream end to the combustion gas 
passage outlet 12. 

[0029] Each of the air passages 5 in the heat 
exchanger 2 includes an air passage inlet 1 5 and an air 
passage outlet 16 at the right and upper portion and the 

30 left and lower portion of Fig.1 , respectively. An air intro- 
ducing space (referred to as an air introducing duct) 17 
defined along an inner periphery of the outer housing 9 
is connected at its downstream end to the air passage 
inlet 15. An air discharging space (referred to as an air 

35 discharging duct) 1 8 extending within the engine body 1 
is connected at its upstream end to the air passage out- 
let 16. 

[0030] In this manner, the combustion gas and the 
airflow in opposite directions from each other and cross 

40 each other as shown in Figs. 3, 4 and 10, whereby a 
counter f tow and a so-called cross-flow are realized with 
a high heat-exchange efficiency. Thus, by allowing a 
high-temperature fluid and a low-temperature fluid to 
flow in opposite directions from each other, a large drf- 

45 ference in temperature between the high-temperature 
fluid and the low-temperature fluid can be maintained 
over the entire length of the flow paths, thereby enhanc- 
ing the heat-exchange efficiency. 
[0031] The temperature of the combustion gas 

so which has driven the turbine is about 600 to 700°C in 
the combustion gas passage inlets 1 1 . The combustion 
gas is cooled down to about 300 to 400°C in the com- 
bustion gas passage outlets 12 by conducting a heat- 
exchange between the combustion gas and the air 

55 when the combustion gas passes through the combus- 
tion gas passages 4. On the other hand, the tempera- 
ture of the air compressed by the compressor is about , 
200 to 300°C in the air passage inlets 15. The air is 
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heated up to about 500 to 600°C in the air passage out- 
lets 16 by conducting a heat-exchange between the air 
and the combustion gas, which occurs when the air 
passes through the air passages 5. 
[0032] The structure of the heat exchanger 2 will be 
described below with reference to Figs. 3 to 9. 
[0033] As shown in Figs.3, 4 and 8, a body portion 
of the heat exchanger 2 is made from a folding plate 
blank 21 produced by previously cutting a thin metal 
plate such as a stainless steel into a predetermined 
shape and then forming an irregularity on a surface of 
the cut plate by pressing. The folding plate blank 21 is 
comprised of first heat-transfer plates S1 and second 
heat-transfer plates S2 disposed alternately, and is 
folded into a zigzag fashion along crest-folding lines L, 
and valley-folding lines L^. The term "crest-folding" 
means folding into a convex toward this side or a closer 
side from the drawing sheet surface, and the term "val- 
ley-folding" means folding into a convex toward the 
other side or a far side from the drawing sheet surface. 
Each of the crest-folding lines L 1 and the valley-folding 
lines L 2 is not a simple straight line, but actually com- 
prises an arcuate folding line for the purpose of forming 
a predetermined space between each of the first heat- 
transfer plates S1 and each of the second heat-transfer 
plates S2. 

[0034] A large number of first projections 22 and a 
large number of second projections 23, which are dis- 
posed at unequal distances, are formed on each of the 
first and second heat-transfer plates S1 and S2 by 
pressing. The first projections 22 indicated by a mark X 
in Fig. 8 protrude toward this side on the drawing sheet 
surface of Fig.8, and the second projections 23 indi- 
cated by a mark O in Fig.8 protrude toward the other 
side on the drawing sheet surface of Fig.8. 
[0035] First projection stripes 24 F and second pro- 
jection stripes 25 F are formed by pressing at those front 
and rear ends of the first and second heat-transfer 
plates S1 and S2 which are cut into the angle shape. 
The first projection stripes 24 F protrude toward this side 
on the drawing sheet surface of Fig. 8, and the second 
projection stripes 25 F protrude toward the other side on 
the drawing sheet surface of Fig. 8. In any of the first 
and second heat-transfer plates S1 and S2, a pair of the 
front and rear first projection stripes 24 F 24 R are dis- 
posed at diagonal positions, and a pair of the front and 
rear second projection stripes 25 F 25 R are disposed at 
other diagonal positions. 

[0036] The first projections 22, the second projec- 
tions 23, the first projection stripes 24 F 24 R and the sec- 
ond projection stripes 25 F 25 R of the first heat-transfer 
plate Si shown In Fig.3 are in an opposite recess-pro- 
jection relationship with respect to that in the first heat- 
transfer plate S1 shown in Fig. 8. This is because Fig.3 
shows a state in which the first heat-transfer plate S1 is 
viewed from the back side. 

[0037] As can be seen from Figs. 5 and 8, when the 
first and second heat-transfer plates S1 and S2 of the 



folding plate blank 21 are folded along the crest-folding 
lines L 1 to form the combustion gas passages 4 
between both the heat-transfer plates S1 and S2, tip 
ends of the second projections 23 of the first heat-trans- 

5 fer plate S1 and tip ends of the second projections 23 of 
the second heat-transfer plate S2 are brought into abut- 
ment against each other and brazed to each other. In 
addition, the second projection stripes 25 F 25 R of the 
first heat-transfer plate SI and the second projection 

10 stripes 25 F 25 R of the second heat-transfer plate S2 are 
brought into abutment against each other and brazed to 
each other. Thus, a left lower portion and a right upper 
portion of the combustion gas passage 4 shown in Fig.3 
are closed, and each of the fast projection stripes 24 F 

is 24 R of the first heat-transfer plate S1 and each of the 
first projection stripes 24 R 24 R of the second heat-trans- 
fer plate S2 are opposed to each other with a gap left 
therebetween. Further, the combustion gas passage 
inlet 1 1 and the combustion gas passage outlet 12 are 

20 defined in a left, upper portion and a right, lower portion 
of the combustion gas passage 4 shown in Fig.3, 
respectively. 

[0038] When the first heat-transfer plates S1 and 
the second heat-transfer plates S2 of the folding plate 

£5 blank 21 are folded along the valley-folding line L 2 to 
form the air passages 5 between both the heat-transfer 
plates S1 and S2, the tip ends of the first projections 22 
of the first heat-transfer plate S1 and the tip ends of the 
first projections 22 of the second heat-transfer plate S2 

30 are brought into abutment against each other and 
brazed to each other. In adcftion, the first projection 
stripes 24 F 24 R of the first heat-transfer plate S1 and 
the first projection stripes 24 F 24 R of the second heat- 
transfer plate S2 are brought into abutment against 

35 each other and brazed to each other. Thus, a left upper 
portion and a right lower portion of the air passage 5 
shown in Fig.4 are closed, and each of the second pro- 
jection stripes 25 F 25 R of the first heat-transfer plate S1 
and each of the second projection stripes 25 p 25 R of 

40 the second heat-transfer plate S2 are opposed to each 
other with a gap left therebetween. Further, the air pas- 
sage inlet 15 and the air passage outlet 16 are defined 
at a right upper portion and a left lower portion of the air 
passage 5 shown in Fig.4, respectively. 

45 [0039] Each of the first and second projections 22 
and 23 has a substantially truncated conical shape, and 
the tip ends of the first and second projections 22 and 
23 are in surface contact with each other to enhance the 
brazing strength. Each of the first and second projection 

so stripes 24 F 24 R and 25 F 25 R has also a substantially 
trapezoidal section, and the tip ends of the first and sec- 
ond projection stripes 24 F 24p and 25 F 25 R are also in 
surface contact with each other to enhance the brazing 
strength. 

55 [0040] As can be seen from Fig. 5, radially inner 
peripheral portions of the air passages 5 are automati- 
cally closed, because they correspond to the folded por- 
tion (the valley-folding line L£ of the folding plate blank 
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21, but radially outer peripheral portions of the air pas- 
sages 5 are opened, and such opening portions are 
closed by brazing to the outer casing 6. On the other 
hand, radially outer peripheral portions of the combus- 
tion gas passages 4 are automatically closed, because s 
they correspond to the folded portion (the crest-folding 
line L t ) of the folding plate blank 21, but radially inner 
peripheral portions of the combustion gas passages 4 
are opened, and such opening portions are closed by 
brazing to the inner casing 7. 10 
[0041], When the folding plate blank 21 is folded in 
the zigzag fashion, the adjacent crest-folding lines L 1 
cannot be brought into direct contact with each other, 

but the distance between the crest-folding lines is 
maintained constant by the contact of the first projec- is 
tions 22 to each other. In addition, the adjacent valley- 
folding lines L 2 cannot be brought into direct contact 
with each other, but the distance between the valley- 
folding lines L 2 is maintained constant by the contact of 
the second projections 23 to each other. 20 
[0042] When the folding plate blank 21 is folded in 
the zigzag fashion to produce the body portion of the 
heat exchanger 2, the first and second heat-transfer 
plates S1 and S2 are disposed radiately from the center 
of the heat exchanger 2. Therefore, the distance zs 
between the adjacent first and second heat-transfer 
plates S1 and S2 assumes the maximum in the radially 
outer peripheral portion which is in contact with the 
outer casing 6. and the minimum in the radially inner 
peripheral portion which is in contact with the inner cas- 30 
ing 7. For this reason, the heights of the first projections 

22, the second projections 23, the first projection stripes 
24 p 24 R and the second projection stripes 25 R 25 R are 
gradually increased outwards from the radially inner 
side, whereby the first and second heat-transfer plates 35 
S1 and S2 can be disposed exactly radiately (see 
Fig.5). 

[0043] By employing the above-described structure 
of the radiately folded plates, the outer casing 6 and the 
inner casing 7 can be positioned concentrically, and the 40 
axial symmetry of the heat exchangers can be main- 
tained accurately. 

[0044] As can be seen from Figs.7 and 9, rectangu- 
lar small piece-shaped flange portions 26 are formed by 
folding, apexes of front and rear ends of the first and 45 
second heat-transfer plates S1 and S2 cut into the 
angle shape, at an angle slightly smaller than 90° in the 
circumferential direction of the heat exchanger 2. When 
the folding plate blank 21 is folded in the zigzag fashion, 
a portion of each of the flanges 26 of the first and sec- so 
ond heat-transfer plates S1 and S2 is superposed on 
and brazed in a surface contact state to a portion of the 
adjacent flange portion 26, thereby forming an annular 
bonding flange 27 as a whole. The bonding flange 27 is 
bonded by brazing to the front and rear end plates 8 and 55 
10. 

[0045] At this time, the front surface of the bonding 
flange 27 is of a stepped configuration, and a slight gap 



is defined between the bonding flange 27 and each of 
the end plates 8 and 10, but the gap is closed by a braz- 
ing material (see Fig.7). The flange portions 26 are 
folded in the vicinity of the tip ends of the first projection 
stripes 24 F and 24 R and the second projection stripes 
25 F and 25 R formed on the first and second heat-trans- 
fer plates S1 and S2. When the folding plate blank 21 
has been folded along the crest-folding line L 1 and the 
valley-folding line L 2 . slight gaps are also defined 
between the tip ends of the first projection stripes 24 F 
and 24 R and the second projection stripes 25 F and 25 R 
and-the flange portions 26, but the gaps are closed by 
the brazing material (see Fig. 7). 
[0046] If an attempt is made to cut the apex por- 
tions of angle shapes of the first and second heat-trans- 
fer plates S1 and S2 into flat, and braze the end plates 
8 and 10 to end surfaces resulting from such cutting, it 
is necessary to first fold the folding plate blank 21 and 
braze the first projections 22 and the second projections 
23 as well as the first projection stripes 24 F and 24 R and 
the second projection stripes 25 F and 25 R of the first 
and second heat-transfer plates SI and S2 to each 
other, and then subject the apex portions to a precise 
cutting treatment for brazing to the end plates 8 and 1 0. 
In this case, the two brazing steps are required, result- 
ing in not only an increased number of steps but also an 
increased cost because of a high processing precision 
required for the cut surfaces. Moreover, it is difficult to 
provide a strength sufficient for brazing of the cut sur- 
faces having a small area. However, by brazing the 
flange portions 26 formed by the folding, the brazing of 
the first projections 22 and the second projections 23 as 
well as the first projection stripes 24 F and 24 R and the 
second projection stripes 25 F and 25 R and the brazing 
of the flange portions 26 can be accomplished in a con- 
tinuous flow, and further, the precise cutting treatment 
of the apex portions of the angle shapes is not required. 
Moreover, the flange portions 26 in surface contact with 
one another are brazed together, leading to remarkably 
increased brazing strength. Further, the flange portions 
themselves form the bonding flange 27, which can con- 
tribute to a reduction in number of parts. 
[0047] By folding the folding plate blank 21 radiately 
and in the zigzag fashion to form the first and second 
heat-transfer plates S1 and S2 continuously, the 
number of parts and the number of points to be brazed 
can be reduced remarkably, and moreover, the dimen- 
sional precision of the completed article can be 
enhanced, as compared with the case where a large 
number of first heat-transfer plates S1 individually inde- 
pendent from one another and a large number of sec- 
ond heat-transfer plates S2 individually independent 
from one another are brazed alternately. 
[0048] As can be seen from Figs.5 and 6, when the 
single folding plate blank21 formed into a band shape is 
folded in a zigzag fashion to form the body portion of the 
heat exchanger 2, opposite ends of the folding plate 
blank 21 are integrally bonded to each other at a radially 
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outer peripheral portion of the heat exchanger 2. There- 
fore, end edges of the first and second heat-transfer 
plates S1 and S2 adjoining each other with the bonded 
portion interposed therebetween are cut into a J-shape 
in the vicinity of the crest-folding line L 1t and for exam- 5 
pie, an outer periphery of the J-shaped cut portion of 
the second heat-transfer plate S2 is fitted to and brazed 
to an inner periphery of the J-shaped cut portion of the 
first heat-transfer plate S1. Since the J-shaped cut por- 
tions of the first and second heat-transfer plates SI and 
S2 are fitted to each other, the J-shaped cut portion of 
the outer first heat-transfer plate S1 is forced to be 
expanded, while the J-shaped cut portion of the inner 
second heat-transfer plate S2 is forced to be contracted. 
Further, the inner second heat-transfer plate S2 is com- 
pressed inwards radially of the heat exchanger 2. 
[0049] By employing the above-described structure, 
a special bonding member for bonding the opposite 
ends of the folding plate blank 21 to each other is not 
required, and a special processing such as changing 
the shape of the folding plate blank 21 is not required, 
either. Therefore, the number of parts and the process- 
ing cost are reduced, and an increase in heat mass in 
the bonded zone is avoided. Moreover, a dead space 
which is not the combustion gas passages 4 nor the air 
passages 5 is not created and hence, the increase in 
flow path resistance is maintained to the minimum, and 
there is not a possibility that the heat exchange effi- 
ciency may be reduced. Further, the bonded zone of the 
J-shaped cut portions of the first and second heat-trans- 
fer plates S1 and S2 is deformed and hence, a very 
small . gap is liable to be produced. However, only the 
bonded zone may be the minimum, one by forming the 
body portion of the heat exchanger 2 by the single fold- 
ing plate blank 21 , and the leakage of the fluid can be 
suppressed to the minimum. Additionally, when the sin- 
gle folding plate blank 21 is folded in the zigzag fashion 
to form the body portion of the annular heat exchanger 
2, H the numbers of the first and second heat-transfer 
plates S1 and S2 integrally connected to each other are 
not suitable, the circumferential pitch between the adja- 
cent first and second heat-transfer plates S1 and S2 is 
inappropriate and moreover, there is a possibility that 
the tip ends of the first and second projection 22 and 23 
may be separated or crushed. However, the circumfer- 
ential pitch can be finely regulated easily only by chang- 
ing the cutting position of the folding plate blank 21 to 
properly change the numbers of the first and second 
heat-transfer plates S1 and S2 integrally connected to 
each other. 

[0050] During operation of the gas turbine engine E, 
the pressure in the combustion gas passages 4 is rela- 
tively low, and the pressure in the air passages 5 is rel- 
atively high. For this reason, a flexural load is applied to 
the first and second heat-transfer plates S1 and S2 due 
to a difference between the pressures, but a sufficient 
rigidity capable of withstanding such load can be 
obtained by virtue of the first and second projections 22 



and 23 which have been brought into abutment against 
each other and brazed with each other. 
[0051] In addition, the surface areas of the first and 
second heat-transfer plates S1 and S2 (i.e., the surface 
areas of the combustion gas passages 4 and the air 
passages 5) are increased by virtue of the first and sec- 
ond projections 22 and 23. Moreover, the flows of the 
combustion gas and the air are agitated and hence, the 
heat exchange efficiency can be enhanced. 
[0052] The unit amount of heat transfer repre- 
senting the amount of heat transferred between the 
combustion gas passages 4 and the air passages 5 is 
given by the following equation (1): 

N^(KxA)/[Cx (dm/dt)] (i) 

[0053] In the above equation (1), K is an overall 
heat transfer coefficient of the first and second beat- 
transfer plates S1 and S2; A is an area (a heat-transfer 
area) of the first and second heat-transfer plates S1 and 
S2; C is a specif ic heat of a fluid; and dm/dt is a mass 
flow rate of the fluid flowing in the heat transfer area. 
Each of the heat transfer area A and the specific heat C 
is a constant, but each of the overall heat transfer coef- 
ficient K and the mass flow rate dm/dt is a function of a 
pitch P (see Fig.5) between the adjacent first projec- 
tions 22 or between the adjacent second projections 23. * 
[0054] When the unit amount N tu of heat transfer is 
varied in the radial directions of the first and second 
heat-transfer plates S1 and S2, the distribution of tem- 
perature of the first and second heat-transfer plates S1 
and S2 is non-uniformed radially, resulting in a reduced 
heat exchange efficiency, and moreover, the first and 
second heat-transfer plates S1 and S2 are non-uni- 
formly, thermally expanded radially to generate undesir- 
able thermal stress. Therefore, if the pitch P of radial 
arrangement of the f irst and second projections 22 and 
23 is set suitably, so that the unit amount N tu of heat 
transfer is constant in radially various sites of the first 
and second heat-transfer plates S1 and S2, the above 
problems can be overcome. 

[0055] When tie pitch P is set constant in the radial 
directions of the heat exchanger 2, as shown in Fig. 1 1 A, 
the unit amount of heat transfer is larger at the radi- 
ally inner portion and smaller at the radially outer por- 
tion, as shown in Fig.llB. Therefore, the distribution of 
temperature of the first and second heat-transfer plates 
S1 and S2 is also higher at the radially inner portion and 
lower at the radially outer portion, as shown in Fig. 1 1 C. 
On the other hand, if the pitch P is set so that it is larger 
in the radially inner portion of the heat exchanger 2 and 
smaller in the radially outer portion of the heat 
exchanger 2, as shown in Fig.12A, the unit amount 
of heat transfer and the distribution of temperature can 
be made substantially constant in the radial directions, 
as shown in Figs.12B and 12C. 
[0056] As can be seen from Figs.3 to 5, in the heat 
exchanger 2 according to this embodiment, a region YK\ 
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having a small pitch P of radial arrangement of the first 
and second projections 22 and 23 is provided in the 
radially outer portions of the axially intermediate por- 
tions of the first and second heat-transfer plates S1 and 
S2 (namely, portions other than the angle-shaped por- 5 
tions at the axially opposite ends), and a region R 2 hav- 
ing a large pitch P of radial arrangement of the first and 
second projections 22 and 23 is provided in the radially 
inner portion. Thus, the unit number N tu of heat transfer 
can be made substantially constant over the entire 10 
region of the axially intermediate portions of the first 
and second heat-transfer plates S1 and S2, and it is 
possible to enhance the heat exchange efficiency and to 
alleviate the thermal stress. 

[0057] If the entire shape of the heat exchanger and 15 
the shapes of the first and second projections 22 and 23 
are varied, the overall heat transfer coefficient K and the 
mass flow rate dm/dt are also varied and hence, the 
suitable arrangement of pitches P is also different from 
that in the present embodiment. Therefore, in addition 20 
to a case where the pitch P is gradually decreased radi- 
ally outwards as in the present embodiment, the pitch P 
may be gradually increased radially outwards in some 
cases. However, if the arrangement of pitches P is 
determined such that the above-described equation (1 ) 25 
is established, the operational effect can be obtained 
irrespective of the entire shape of the heat exchanger 
and the shapes of the first and second projections 22 
and 23. 

[0058] As can be seen from Figs.3 and 4, in the axi- 30 
ally intermediate portions of the first and second heat- 
transfer plates S1 and S2, the adjacent first projections 
22 or the adjacent second projections 23 are not 
arranged in a row in the axial direction of the heat 
exchanger 2 (in the direction of flowing of the combus- 35 
tion gas and the air), but are arranged so as to be 
inclined at a predetermined angle with respect to the 
axial direction. In other words, a consideration is taken 
so that the first projections 22 as well as the second pro- 
jections 23 cannot be arranged continuously on a 40 
straight line parallel to the axis of the heat exchanger 2. 
Thus, the combustion gas passages 4 and the air pas- 
sages 5 can be defined in a labyrinth-shaped configura- 
tion by the first and second projections 22 and 23 in the 
axially intermediate portions of the first and second 45 
heat-transfer plates Si and S2, thereby enhancing the 
heat exchange efficiency. 

[0059] Further, the first and second projections 22 
and 23 are arranged in the angle-shaped portions at the 
axially opposite ends of the first and second heat-trans- so 
fer plates S1 and S2 at an arrangement pitch different 
from that in the axially intermediate portion. In the com- 
bustion gas passage 4 shown in Fig.3, the combustion 
gas flowing thereinto through the combustion gas pas- 
sage inlet 1 1 in the direction of an arrow a is turned in ss 
the axial direction to flow in the direction of an arrow b, 
and is further turned in the direction of an arrow c to flow 
out through the combustion gas passage outlet 12. 



When the combustion gas changes its course in the 
vicinity of the combustion gas passage inlet 1 1, a com- 
bustion gas flow path P s is shortened on the inner side 
as viewed in the turning direction (on the radially outer 
side of the heat exchanger 2), and a combustion gas 
flow path P L is prolonged on the outer side as viewed in 
the turning direction (on the radially inner side of the 
heat exchanger 2). On the other hand, when the com- 
bustion gas changes its course in the vicinity of the 
combustion gas passage outlet 12, the combustion gas 
flow path P s is shortened on the inner side as viewed in 
the turning direction (on the radially inner side of the 
heat exchanger 2), and the combustion gas flow path P L 
is prolonged on the outer side as viewed in the turning 
direction (on the radially outer side of the heat 
exchanger 2). Then a difference is produced between 
the lengths of the combustion gas flow paths on the 
inner and outer sides as viewed in the direction of turn- 
ing of the combustion gas, the combustion gas flows in 
a drifting manner from the outer side as viewed in the 
turning direction toward the inner side where the flow 
resistance is small because of the short flow path, 
whereby the flow of the combustion gas is non-uni- 
formized, resulting in a reduction in heat exchange effi- 
ciency 

[0060] Therefore, in regions R 3 , R 3 in the vicinity of 
the combustion gas passage inlet 1 1 and the combus- 
tion gas passage outlet 12, the pitch of arrangement of 
the first projections 22 as well as the second projections 
23 in the direction perpendicular to the direction of flow- 
ing of the combustion gas is varied so that it becomes 
gradually denser from the outer side toward the inner 
side as viewed in the turning direction. By non-uni- 
formizing the pitch of arrangement of the first projec- 
tions 22 as well as the second projections 23 in the 
regions R 3 . R 3 in the above manner, the first and sec- 
ond projections 22 and 23 can be arranged densely on 
the inner side as viewed in the turning direction where 
the flow path resistance is small because of the short 
flow path of the combustion gas, whereby the flow path 
resistance can be increased, thereby unrfbrmizing the 
flow path resistance over the entire regions R 3 , R 3 . 
Thus, the generation of the drifting flow can be pre- 
vented to avoid the reduction in heat exchange effi- 
ciency. Particularly, all the projections in a first row 
adjacent the inner side of the first projection stripes 24 p 
24 R comprise the second projections 23 protruding into 
the combustion gas passages 4 (indicated by a mark x 
in Fig.3). Therefore, a drifting flow preventing effect can 
effectively be exhibited by non-uniformizing the pitch of 
arrangement of the second projections 23. 
[0061] Likewise, in the air passage 5 shown in 
Fig.4. the air flowing thereinto in the direction of an 
arrow d through the air passage inlet 1 5 is turned axially 
to flow in the direction of an arrow e, and further turned 
in the direction of an arrow f to flow out through the air 
passage outlet 16. When the air changes its course in 
the vicinity of the air passage inlet 15, the air flow path 
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is shortened on the inner side as viewed in the turning 
direction (on the radially outer side of the heat 
exchanger 2), and the air flow path is prolonged on the 
outer side as viewed in the turning direction (on the radi- 
ally inner side of the heat exchanger 2). On the other 5 
hand, when the air changes its course in the vicinity of 
the air passage outlet 16, the airflow path is shortened 
on the inner side as viewed in the turning. direction (on 
the radially inner side of the heat exchanger 2), and the 
air flow path is prolonged on the outer side as viewed in 10 
the turning direction (on the radially outer side of the 
heat exchanger 2). When a difference is generated 
between the lengths of the air flow paths on the inner 
and outer sides as viewed in the direction of turning of 
the air, the air flows in a drifting manner toward the inner 15 
side as viewed in the turning direction where the flow 
path resistance is smaller because of the short flow 
path, thereby reducing the heat exchange efficiency. 
[0062] Therefore, in regions R 4 , R 4 in the vicinity of 
the air passage inlet 15 and the air passage outlet 16, 20 
the pitch of arrangement of the first projections 22 as 
well as the second projections 23 in the direction per- 
pendicular to the direction of flowing of the air is varied 
so that rt becomes gradually denser from the outer side 
toward the inner side as viewed in the turning direction. K 2S 
By non-uniformizing the pitch of arrangement of the first 
projections 22 as well as the second projections 23 in 
the regions R4, R4 in the above manner, the first and 
second projections 22 and 23 can be arranged densely 
on the inner side as viewed in the turning direction 30 
where the flow path resistance is small because of the 
short flow path of the air, whereby the flow path resist- 
ance can be increased, thereby uniformizing the flow 
path resistance over the entire regions R4, R 4 . Thus, the 
generation of the drifting flow can be prevented to avoid 35 
the reduction in heat exchange efficiency. Particularly, 
all the projections in a first row adjacent the inner side of 
the second projection stripes 25 p 25 R comprise the first 
projections 22 protruding into the combustion gas pas- 
sages 4 (indicated by a mark x in Fig.4). Therefore, a 40 
drifting flow preventing effect can effectively be exhib- 
ited by non-uniformizing the pitch of arrangement of the 
first projections 22. 

[0063] When the combustion gas flows in each of 
the regions R 4 , R 4 adjacent the regions R 3 , R 3 in Fig. 3, 45 
the pitch of arrangement of the first projections 22 as 
well as the second projections 23 in the region R 4 , R 4 lit- 
tle exerts an influence to the flowing of the combustion 
gas, because the pitch is non-uniform in the direction of 
flowing of the combustion gas. Likewise, when the air so 
flows in each of the regions R 3 , R 3 adjacent the regions 
R 4 , R 4 in Fig.4, the pitch of arrangement of the first pro- 
jections 22 as well as the second projections 23 in the 
region R 3 , R 3 little exerts an influence to the flowing of 
the combustion gas, because the pitch is non-uniform in ss 
the direction of flowing of the air. 
[0064] As can be seen from Figs.3 and 4, the first 
and second heat-transfer plates S1 and S2 are cut into 



an unequal-length angle shape having a long side and 
a short side at the front and rear ends of the heat 
exchanger 2. The combustion gas passage inlet 1 1 and 
the combustion gas passage outlet 12 are defined along 
the long sides at the front and rear ends, respectively, 
and the air passage inlet 15 and the air passage outlet 
1 6 are defined along the short sides at the rear and front 
ends, respectively. 

[0065] In this way, the combustion gas passage 
inlet 11 and the air passage outlet 16 are defined 
respectively along the two sides of the angle shape at 
the front end of the heat exchanger 2 r and the combus- 
tion gas passage outlet 12 and the air passage inlet 15 
are defined respectively along the two sides of the angle 
shape at the rear end of the heat exchanger 2. There- 
fore, larger sectional areas of the flow paths in the inlets 
11, 15 and the outlets 12, 16 can be ensured to sup- 
press the pressure loss to the minimum, as compared 
with a case where the inlets 11,15 and the outlets 12, 
16 are defined without cutting of the front and rear ends 
of the heat exchanger 2 into the angle shape. Moreover, 
since the inlets 11, 15andthe outlets 12, 16are defined 
along the two sides of the angle shape, not only the flow 
paths for the combustion gas and the air flowing out of 
and into the combustion gas passages 4 and the air 
passages 5 can be smoothened to further reduce the 
pressure loss, but also the ducts connected to the inlets 
11,15 and the outlets 12, 16 can be disposed in the 
axial direction without sharp bending of the flow paths, 
whereby the radial dimension of the heat exchanger 2 
can be reduced. 

[0066] As compared with the volume flow rate of the 
air passed through the air passage inlet 15 and the air 
passage outlet 16, the volume flow rate of the combus- 
tion gas, which has been produced by burning a fuel-air 
mixture resulting from mixing of fuel into the air and 
expanded in the turbine into a dropped pressure, is 
larger. In the present embodiment the unequal-length 
angle shape is such that the lengths of the air passage 
inlet 15 and the air passage outlet 16, through which the 
air is passed at the small volume flow rate, are short, 
and the lengths of the combustion gas passage inlet 1 1 
and the combustion gas passage outlet 12, through 
which the combustion gas is passed at the large volume 
flow rate, are long. Thus, It is possible to relatively 
reduce the flow rate of the combustion gas to more 
effectively avoid the generation of a pressure loss. 
[0067] As can be seen from Figs.3 and 4, the outer 
housing 9 made of stainless steel is of a double struc- 
ture comprised of outer wall members 28 and 29 and 
inner wall members 30 and 31 to define the air introduc- 
ing duct 17. A front flange 32 bonded to rear ends of the 
front outer and inner wall members 28 and 30 is coupled 
to a rear flange 33 bonded to front ends of the rear outer 
and inner wall members 29 and 31 by a plurality of bolts 
34. At this time, an annular seal member 35 which is E- 
shaped in section is clamped between the front and rear 
flanges 32 and 33 to seal the coupled surfaces of the 
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front and rear flanges 32 and 33 t thereby preventing the 
air within the air introducing duct 17 from being mixed 
with the combustion gas within the combustion gas 
introducing duct 13. 

[0068] The heat exchanger 2 is supported on the s 
inner wall member 31 connected to the rear flange 33 of 
the outer housing 9 through a heat exchanger support- 
ing ring 36 made of the same plate material under the 
trade name of "Inconer as the heat exchanger 2. The 
inner wall member 31 bonded to the rear flange 33 can 10 
be considered substantially as a portion of the rear 
flange 33, because of its small axial dimension. There- 
fore, the heat exchanger supporting ring 36 can be 
bonded directly to the rear flange 33 in place of being 
bonded to the inner wall member 31. The heat is 
exchanger supporting ring 36 is formed into a stepped 
shape in section and includes a first ring portion 36-| 
bonded to the outer peripheral surface of the heat 
exchanger 2, a second ring portion 36 2 bonded to the 
inner peripheral surface of the inner wall member 31 20 
and having a diameter larger than that of the first ring 
portion 36 1t and a connecting portion 363 which con- 
nects the first and second ring portions 36 1 and 362 to 
each other in an oblique direction. The combustion gas 
passage inlet 1 1 and the air passage inlet 1 5 are sealed 25 
from each other by the heat exchanger supporting ring 
36. 

[0069] The profile of temperature on the outer 
peripheral surface of the heat exchanger 2 is such that 
the temperature is lower on the side of the air passage 30 
inlet 15 (on the axially rear side) and higher on the side 
of the combustion gas passage inlet 1 1 (on the axially 
front side). By mounting the heat exchanger supporting 
ring 36 at a location closer to the air passage inlet 15 
than to the combustion gas passage inlet 1 1, the differ- 35 
ence between the amounts of thermal expansion of the 
heat exchanger 2 and the outer housing 9 can be main- 
tained to the minimum to decrease the thermal stress. 
When the heat exchanger 2 and the rear flange 33 are 
displaced relative to each other due to the difference 40 
between the amounts of thermal expansion, such dis- 
placement can be absorbed by the resilient deformation 
of the heat exchanger supporting ring 36 made of plate 
material, thereby alleviating the thermal stress acting on 
the heat exchanger 2 and the outer housing 9. Particu- as 
larly, since the section of the heat exchanger supporting 
ring 36 is formed in the stepped configuration, the 
folded portions thereof can easily be deformed to effec- 
tively absorb the difference between the amounts of 
thermal expansion. 50 
[0070] A second embodiment of the present inven- 
tion will now be described with reference to Figs. 13 to 
17. 

[0071] A heat exchanger 2 is formed into a rectan- 
gular parallelepiped shape as a whole and surrounded 55 
by an upper bottom wall 41 and a lower bottom wall 42, 
a front end wall 43 and a rear end wall 44, and a left 
sidewall 45 and a right sidewall 46. The combustion gas 



passage inlet 1 1 and the combustion gas passage out- 
let 12 extending laterally open into front and rear por- 
tions of the upper bottom wall 41, respectively, and the 
air passage inlet 15 and the air passage outlet 16 
extending laterally open into rear and front portions of 
the lower bottom wall 42, respectively. The first rectan- 
gular heat-transfer plates S1 and the second rectangu- 
lar heat-transfer plates S2 are alternately disposed 
within the heat exchanger 2 and formed by folding the 
folding plate blank 21 in a zigzag fashion along the 
crest-folding lines L 1 and the valley-folding lines L 2 . 
[0072] The combustion gas passages 4 connected 
to the combustion gas passage inlet and outlet 11 and 
12 and the air passages 5 connected to the air passage 
inlet and outlet 15 and 16 are alternately defined 
between the first and second heat-transfer plates S1 
and S2. At this time, the distances between the first and 
secontj heat-transfer plates S1 and S2 are maintained 
constant by brazing a plurality of first projections 22 and 
a plurality of second projections 23 formed on the first 
and second heat-transfer plates S1 and S2 at their tip 
ends to each other. 

[0073] The folding plate blank 21 is brazed to the 
upper bottom wall 41 at the crest-folding lines L 1 and to 
the lower bottom wall 42 at the valley-folding lines L 2 . 
Shorter portions (i.e., front and rear ends) of the first 
and second heat-transfer plates S1 and S2 are folded 
through an angle slightly smaller than 90° to form the 
rectangular flange portions 26. The flange portions 26 
are superposed one on another and brazed to one 
another in surface contact to form the bonding flange 27 
rectangular as a whole. The bonding flange 27 is 
bonded to each of the front end wall 43 and the rear end 
wall 44 by brazing. A gap between the bonding flange 
27 and each of the front and rear end walls 43 and 44 is 
closed by a brazing material (see Fig. 17). By brazing 
the flange portions 26 formed by folding the ends of the 
first and second heat-transfer plates SI and S2 to one 
another in the above manner, a predse cutting treat- 
ment of the ends of the first and second heat-transfer 
plates S1 and S2 is not required. Therefore, the brazing 
of the first and second projections 22 and 23 and the 
brazing of the flange portions 26 can be accomplished 
in a continuous flow, and moreover, because the flange 
portions 26 in surface contact with one another are 
brazed together, the brazing strength is increased 
remarkably. 

[0074] As shown in Figs.14 and 15, the arrange- 
ment of the first projections 22 and the second projec- 
tions 23 formed in the first heat-transfer plates S1 and 
the second heat-transfer plates S2 is different between 
the longitudinally intermediate portion and the longitudi- 
nally opposite end portions (the areas facing the com- 
bustion gas passage inlet 1 1 and the air passage outlet 
1 6 as well as the areas facing the combustion gas pas- 
sage outlet 12 and the air passage inlet 15) of the first 
heat-transfer plates S1 and the second heat-transfer 
plates S2. 
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[0075] More specifically, the first and second pro- 
jections 22 arid 23 are arranged vertically at equal 
pitches and longitudinally at equal pitches in the longitu- 
dinally intermediate portions of the first and second 
heat-transfer plates S1 and S2. On the other hand, the 
first and the second projections 22 and 23 are arranged 
vertically at equal pitches in the longitudinally opposite 
end portions, but longitudinally at unequal pitches. Spe- 
cifically, the pitch of longitudinal arrangement of the first 
and second projections 22 and 23 is denser at a loca- 
tion farther from the front ends in the areas facing the 
combustion gas passage inlet 1 1 and the air passage 
outlet 1 6, and denser at a location farther from the rear 
ends in the areas facing the combustion gas passage 
outlet 12 and the air passage inlet 15. 
[0076] Therefore, when the combustion gas flowing 
into the heat exchanger through the combustion gas 
passage inlet 1 1 in the direction of an arrow g in Fig.14 
is turned at 90° in the direction along the combustion 
gas passages 4, the flow path resistance in the inner 
passage as viewed in the turning direction, where the 
combustion gas is easy to flow because of the short flow 
path, can be increased by the first and second projec- 
tions 22 and 23 arranged in the denser relation, thereby 
uniformizing the flow rate of the combustion gas on the 
inner and outer sides as viewed in the turning direction. 
When the combustion gas flowing in the direction along 
the combustion gas passages 4 is turned at 90° to flow 
out through the combustion gas passage outlet 1 2 in the 
direction of an arrow h, the flow path resistance in the 
inner passage as viewed in the turning direction, where 
the combustion gas is easy to flow because of the 
shorter flow path, can be increased by the first and sec- 
ond projections 22 and 23 arranged in the denser rela- 
tion, thereby uniformizing the flow rate of the 
combustion gas on the inner and outer sides as viewed 
in the turning direction. 

[0077] Likewise, the air flowing into the heat 
exchanger through the air passage inlet 15 in the direc- 
tion of an arrow i in Fig. 15 is turned at 90° in the direc- 
tion along the air passages 5, the flow path resistance in 
the inner passage as viewed in the turning direction, 
where the air is easy to flow because of the short flow 
path, can be increased by the first and second projec- 
tions 22 and 23 arranged in the denser relation, thereby 
uniformizing the flow rate of the combustion gas on the 
inner and outer sides as viewed in the turning direction. 
When the air flowing in the direction along the air pas- 
sages 5 is turned at 90° to flow out through the air pas- 
sage outlet 1 6 in the direction of an arrow i, the flow path 
resistance in the inner passage as viewed in the turning 
direction, where the air is easy to flow because of the 
shorter flow path, can be increased by the first and sec- 
ond projections 22 and 23 arranged in the denser rela- 
tion, thereby uniformizing the flow rate of the air on the 
inner and outer sides as viewed in the turning direction. 
[0078] A modification to the above-described first 
embodiment will now be described with reference to 



Figs.18to21. 

[0079] As shown in Rg. t8, in the first and second 
heat-transfer plates S1 and S2 of the folding plate blank 
21 , the shape of the flange portion 26 at an apex of an 

s angle shape is slightly different from that in the first 
embodiment Figs. 19 and 20 show the shape of the 
flange portion 26 of the first heat-transfer plate S1 . The 
flange portion 26 is comprised of a folded portion 26 1 in 
which the height of the first projection stripe 24 F as well 

10 as the second projection stripe 25 F is gradually 
decreased, and aflat portion 26 2 connected to a tip end 
of the folded portion 26^ The length of the flat portion 
262 is long in the first heat-transfer plate S1 and shorter 
in the second heat-transfer plate S2 (see Fig. 18). 

is [0080] Thus, as can be seen from Fig.21, each of 
the flange portions 26 of thefirst and second heat-trans- 
fer plates S1 and S2 is folded into an arcuate shape 
over 90° in a section of the folded portion 26 1( and the 
flat portion 26 2 is brazed in surface contact to the end 

20 plate 8. At this time, when the fist projection stripes 24 F 
or the second projection stripes 25 F are brazed to one 
another, the gap therebetween can be maintained to the 
minimum, because the height of the first and second 
projection stripes 24 F and 25 F is gradually decreased at 

•25 the folded portion 26-,. Moreover, the length of the flat 
portion 26 2 of the flange portion 26 of the second heat- 
transfer plate S2 is short and hence, the tip end of the 
flat portion 26 2 cannot interfere with the first and second 
projection stripes 24 F and 25 F of the adjacent first heat- 

30 transfer plate S1, whereby the generation of the gap is 
further effectively prevented. The flange portions 26 on 
one side of the first and second heat-transfer plates S1 
and S2 are shown in Figs.19 to 21, but the flange por- 
tions 26 oh the other side are of the same structure as 

35 those on the one side. 

[0081] According to such modification, the gap pro- 
duced between the abutments of the first projection 
stripes 24 F as well as between the abutments of the 
second projection stripes 25 F can be maintained to the 

40 minimum, thereby enhancing the sealability to the fluid. 
[0082] Although the embodiments of the present 
invention have been described in detail, it will be under- 
stood that the present invention is not limited to the 
above-described embodiments, and various modifica- 

45 tions may be made without departing from the spirit and 
scope of the invention defined in claims. 
[0083] For example, in the invention according to 
claims 1 to 11, the first and second heat-transfer plates 
S1 and S2 may be formed from different materials and 

so bonded to each other, in place of use of the folding plate 
blank 21. In the invention according to claim 12, the 
opposite ends of the folding plate blank 21 may be 
bonded to each other at a location corresponding to the 
second folding line L 2 , in place of being bonded to each 

65 other at the location corresponding to the first folding 
line L v 
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Claims 

1. A heat exchanger, comprising a plurality of first 
heat-transfer plates (S1) and a plurality of second 
heat-transfer plates (S2) disposed radiately in an s 
annular space defined between a radially outer 
peripheral wall (6) and a radially inner peripheral 
wall (7), and a high-temperature fluid passage (4) 
and a low-temperature fluid passage (5) which are 
defined circumferentially alternately between adja- 10 
cent ones of said first and second heat-transfer 
plates (S1 and S2) by bonding pluralities of projec- 
tions (22 and 23) formed on said first and second 
heat-transfer plates (S1 and S2) to one another, 

15 

axially opposite ends of each of said first and 
second heat-transfer plates (S1 and S2) being 
cut into angle shapes each having two end 
edges, thereby 

defining a high-temperature fluid passage inlet 20 
(1 1) by closing one of said two end edges and 
opening the other end edge at axially one end 
of said high-temperature fluid passage (4), and 
defining a high-temperature fluid passage out- 
let (12) by closing one of said two end edges 25 
and opening the other end edge at the axially 
other end of said high-temperature fluid pas- 
sage (4), 

defining a low-temperature fluid passage outlet 
(1 6) by opening one of said two end edges and 30 
closing the other end edge at axially one end of 
said low-temperature fluid passage (5), and 
defining a low-temperature fluid passage inlet 
(1 5) by opening one of said two end edges and 
closing the other end edge at the axially other 35 
end of said low-temperature fluid passage (5), 
characterized in that flange portions (26) 
formed by folding one of apex portions of the 
angle shape are superposed one on another 
and bonded together, whereby said high-tem- 40 
perature fluid passage inlet (1 1) and said low- 
temperature fluid passage outlet (16) are parti- 
tioned from each other by said superposed 
flange portions (26), and further flange por- 
tions (26) formed by folding the other apex por- 45 
tion of the angle shape are superposed one on 
another and bonded together, whereby said 
high-temperature fluid passage outlet (12) and 
said low-temperature fluid passage inlet (15) 
are partitioned from each other by the super- so 
posed further flange portions (26). 

2. A heat exchanger according to claim 1, character- 
ized in that a folding plate blank (21) including said 
first and second heat-transfer plates (S1 and S2) ss 
which are alternately connected together through 
first and second folding lines (L, and L2) is folded in 
a zigzag fashion along said first and second folding 



lines (Lj and L2), and portions corresponding to 
said first folding lines (Lj) are bonded to said radi- 
ally outer peripheral wall (6), while portions corre- 
sponding to said second folding lines (Lg) are 
bonded to said radially inner peripheral wall (7). 

3. A heat exchanger according to claim 1 , character- 
ized in that said flange portions (26) are folded into 
an arcuate shape and superposed one on another, 
and the height of projection stripes (24 F 24 R| 25 F 
and 25r) formed along angle-shaped end edges of 
said first and second heat-transfer plates (S1 and 
S2) is gradually decreased in said flange portions 
(26) in order to close said fluid passage inlets and 
outlets (11, 12, 15 and 16). 

4. A heat exchanger, comprising a plurality of first 
heart-transfer plates (S1) and a plurality of second 
heat-transfer plates (S2) which are formed into a 
rectangular shape, and a high-temperature fluid 
passage (4) and a low-temperature fluid passage 
(5) which are defined alternately between adjacent 
ones of said first and second heat-transfer plates by 
bonding a pair of long sides of each of said first and 
second heat-transfer plates (S1 and S2) to a first 
bottom wall (41) and a second bottom wall (42), 
bonding a pair of short sides of each of said first 
and second heat-transfer plates (S1 and S2) to a 
first end wall (43) and a second end wall (44), and 
further bonding a plurality of projections (22 and 23) 
formed on said first and second heat-transfer plates 
(S1 and S2) to one another, 

a high-temperature fluid passage inlet (1 1) and 
a high-temperature fluid passage outlet (12) 
connected to said high-temperature fluid pas- 
sage (4) being defined in said first bottom wall 
(41) so as to extend along said first and second 
end walls (43 and 44), respectively, and 
a low-temperature fluid passage inlet (15) and 
a low-temperature fluid passage outlet (16) 
connected to said low-temperature fluid pas- 
sage (5) being defined in said second bottom 
wall (42) so as to extend along said first and 
second end walls (43 and 44), respectively, 
characterized in that flange portions (26) 
formed by folding said pair of short side por- 
tions are superposed one on another and 
bonded together, and said first and second end 
walls (43 and 44) are bonded to said super- 
posed flange portions (26). 

5. A heat exchanger according to claim 4, character- 
ized in that a folding plate blank (21) Including said 
first and second heat-transfer plates (S1 and S2) 
which are alternately connected together through 
* first and second folding lines (L 1 and L 2 ) is folded in 
a zigzag fashion along said first and second folding 
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lines (L, and L2), and portions corresponding to 
said first folding lines (L^) are bonded to said first 
bottom wall (41), while portions corresponding to 
said second folding lines (L 2 ) are bonded tp said 
second bottom wall (42). 

6. A heat exchanger, comprising a plurality of first 
heat-transfer plates (S1) and a plurality of second 
heat-transfer plates (S2) which are disposed radi- 
ately in an annular space defined between a radi- 
ally outer peripheral wall (6) and a radially inner 
peripheral wall (7), whereby a high-temperature 
fluid passage (4) and a low-temperature fluid pas- 
sage (5) are defined alternately in a circumferential 
direction between adjacent ones of said first and 
second heat-transfer plates, 

axialiy opposite ends of each of said first and 
second heat-transfer plates (S1 and S2) being 
cut into an angle shape each having two end 
edges, respectively, thereby 
defining a high-temperature fluid passage inlet 
(1 1) by closing one of said two end edges and 
opening the other end edge at axialiy one end 
of said high-temperature fluid passage (4), and 
defining a high-temperature fluid passage out- 
let (12) by closing one of said two end edges 
and opening the other end edge at the axialiy 
other end of said high-temperature fluid pas- 
sage (4), 

defining a low-temperature fluid passage outlet 
(1 6) by opening one of said two end edges and 
closing the other end edge at axialiy one end of 
said low-temperature fluid passage (5), and 
defining a low-temperature fluid passage inlet 
(1 5) by opening one of said two end edges and 
closing the other end edge at the axialiy other 
end of said low-temperature fluid passage (5), 
and 

tip ends of large numbers of projections (22 
and 23) formed on opposite surfaces of the first 
and second heat-transfer plates (S1 and S2) 
being bonded together, 

characterized in that a pitch of arrangement of 
said projections (22 and 23) is different 
between axialiy opposite ends and an axialiy 
intermediate portion of each of said first and 
second heat-transfer plates (SI and S2). 

7. A heat exchanger according to claim 6, character- 
ized in that in areas facing said inlets and outlets 

.(11, 12, 15 and 16) of said high-temperature fluid 
passage (4) and said low-temperature fluid pas- 
sage (5), said pitch of arrangement of said projec- 
tions (22 and 23) in a direction substantially 
perpendicular to the direction of flowing of fluid 
passed through said inlets and outlets (11, 12, 15 
and 1 6) is dense in an area portion nearer to a base 



end portion of the angle shape and sparse in an 
area portion nearer to the tip end portion. 

8. A heat exchanger according to claim 6, character- 
5 ized in that sad pitch of arrangement of said projec- 
tions (22 and 23) is set such that the unit number 
(N tu ) of heat transfer is substantially constant in a 
radial direction at an axialiy intermediate portion of 
each of said first and second heat-transfer plates 

10 (S1andS2). 

9. A heat exchanger according to claim 6, character- 
ized in that said projections (22 and 23) are 
arranged at an axialiy intermediate portion of each 

15 of said first and second heat-transfer plates (S1 and 
S2), so as not to line up in the direction of flowing of 
fluid passed through said axialiy intermediate por- 
tion. 

20 10. A heat exchanger, comprising a plurality of first 
heat-transfer plates (S1) and a plurality of second 
heat-transfer plates (S2) which are formed into a 
rectangular shape, and disposed in parallel, so that 
a pair of long sides thereof are bonded to a first bot- 

25 torn wall (41) and a second bottom wall (42) and a 
pair of short sides thereof are bonded to a first end 
wall (43) and a second end wall (44), thereby defin- 
ing a high-temperature fluid passage (4) and a low- 
temperature fluid passage (5) alternately between 

30 adjacent ones of said first and second heat-transfer 
plates (S1 and S2), 

a high-temperature fluid passage inlet (1 1) and 
a high-temperature fluid passage outlet (12) 

35 connected to said high-temperature fluid pas- 

sage (4) being defined in said first bottom wall 
(41) so as to extend along said first and second 
end walls (43 and 44), respectively, 
a low-temperature fluid passage inlet (15) and 

40 a low-temperature fluid passage outlet (16) 

connected to said low-temperature fluid pas- 
sage (5) being defined in said second bottom 
wall (42) so as to extend along said second and 
first end walls (44 and 43), respectively, and 

45 tip ends of large numbers of projections (22 

and 23) formed on opposite surfaces of said 
first and second heat-transfer plates (S1 and 
S2) being bonded together, 
characterized in that a pitch of arrangement of 

so said projections (22 and 23) is different 

between longitudinally opposite ends and a 
longitudinally intermediate portion of each of 
said first and heat-transfer plates (Si and S2). 

65 11. A heat exchanger according to claim 10, character- 
ized in that in areas facing said high-temperature 
and low-temperature fluid passage inlets and out- 
lets (11, 12, 15 and 16), said pitch of arrangement 
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of said projections (22 and 23) in a direction sub- 
stantially perpendicular to the direction of flowing of 
fluid passed through said inlets and outlets (11, 12, 
1 5 and 16) is dense in an area portion farther from 
said first and second end walls (43 and 44) and is 5 
sparse in an area portion nearer to said first and 
second end walls (43 and 44). 

12. A heat exchanger, comprising a plurality of first 
heat-transfer plates (S1) and a plurality of second 10 
heat-transfer plates (S2) which are disposed radi- 
ately in an annular space defined between a radi- 
ally outer peripheral wall (6) and a radially inner 
peripheral wall (7), whereby a high-temperature 
fluid passage (4) and a low-temperature fluid pas- is 
sage (5) are defined alternately in a circumferential 
direction between adjacent ones of said first and 
second heat-transfer plates, 

a folding plate blank (21) including said plurality 20 
of first heat-transfer plates (S1) and said plural- 
ity of second heat-transfer plates (S2) which 
are alternately connected together through first 
and second folding lines (^ and Lg), said fold- 
ing plate blank (21) being folded in a zigzag zs 
fashion along said first and second folding lines 
(L 1 and L2), and portions corresponding to said 
first and second folding lines (L 1 and L2) being 
bonded to said radially outer peripheral wall (6) 
and said radially inner peripheral wall (7), 30 
respectively, thereby disposing said first and 
second heat-transfer plates (S1 and S2) radi- 
ately, defining said high-temperature fluid pas- 
sage (4) and said low-temperature fluid 
passage (5) alternately in the circumferential 35 
direction between adjacent ones of safcl first 
and second heat-transfer plates (S1 and S2), 
defining a high-temperature fluid passage inlet 
(1 1) and a high-temperature fluid passage out- 
let (1 2) so as to open into axially opposite ends 40 
of said high-temperature fluid passage (4), and 
defining a low-temperature fluid passage inlet 

(1 5) and a low-temperature fluid passage outlet 

(16) so as to open into axially opposite ends of 
said low-temperature fluid passage (5), 45 
characterized in that the single folding plate 
blank (21) is folded in the zigzag fashion over 
360°, and opposite ends thereof are super- 
posed one on another and bonded together in 

an area including said first or second folding so 
line (L-j orL^. 
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